In recent years, there have been a series of contradictory reports based on studies that employed single-nucleotide polymorphism (SNP) arrays regarding the incidence and prognostic significance of IKZF1 deletions in primary leukemic cells from pediatric patients with high-risk B-cell precursor ALL (BPL).
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Some of the initial reports have proposed that: i) genomic IKZF1 deletions (not alternative splicing) are the cause of expression of dominant-negative IK isoforms; and ii) IKZF1 is a haploinsufficient gene rendering its heterozygous deletions biologically and clinically significant. 5 We read with great interest the recent paper of Palmi et al. who reported an elegant study which raises further questions about the biological significance of IKZF1 deletions in pediatric BPL.
6 They documented no homozygous IKZF1 deletions and heterozygous IKZF1 deletions were detected in only ~13% of their Ph -BPL patient population. In approximately half of the cases with deletions (7.1%), the deletion involved the entire IKZF1 locus and in the other half a portion of the IKZF1 gene.
6 Most importantly, IKZF1 deletions were not an independent prognostic factor of risk of relapse.
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In order to gain further insights into the incidence and biological significance of IKZF1 deletions, we examined the expression levels of IKZF1 transcripts in primary leukemic cells from 237 pediatric Ph -BPL patients in sideby-side comparison with 122 pediatric Ph + BPL cases and 74 normal bone marrow specimens in the National Center for Biotechnology Information (NCBI) Gene Expression Omnibus (GEO) database GSE 13159. 
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exons visualized using the UCSC genome browser (http://genome.ucsc.edu/cgi-bin/hgBlat?command=start). The IKZF1 probesets were mapped onto common IKZF1 deletion regions to identify which probesets would be expected to exhibit reduced gene expression in samples with the reported deletions. Mixed Model Analysis of Variance analysis with three fixed factors ("Diagnosis" (Normal, Ph -, Ph +) , "Probeset"(10 IKZF1 probesets and mean expression of 50 probesets with lowest expression values), an interaction term for Diagnosis x Probeset and a random factor "case" for sample identification was utilized for the analysis of differential IKZF1 gene expression levels. Examination of the Affymetrix probeset coverage in relation to most common IKZF1 microdeletions observed in Ph + BPL cases showed that all of these deletions could be detected by multiple IKZF1 probesets. The most common microdeletion occurs between exons 4-7 (30%)
1 that would be detected by 1565816_at and 1565818_s_at followed by exons 2-7 (15%)
1 that would be detected by 1565816_at, 1565818_s_at, 220704_at, 1557632_at) and large chromosome deletions (15%; detected 9 of 10 IKZF1 probesets).
1 The Mixed Model ANOVA explained 90.5% of the variation in the gene expression data across all 10 IKZF1 transcripts (24% variation from the random factor for individual cases and 76% from the fixed factors. Significant effects of Probeset (F10,4300 = 3261; P<0.0001), Diagnosis (F2,430 = 3.1; P=0.046) and the Interaction term (F20,4300 = 13.1; P<0.0001) were observed for these fixed factors). Expression levels for all IKZF1 probesets were greater than the mean expression of the 50 probesets with the lowest expression values (Mean DQN3 value = 0.0188; 95%CI: 0.0183-0.0192). Our analysis demonstrated no changes in expression that would be expected from homozygous or heterozygous deletions of IKZF1 in primary leukemic cells. In particular, the probesets 1565816_at (specific for exons 1-4) and 1565818_s_at (specific for exon 4 only) did not detect any significantly reduced expression levels in Ph + (Planned Linear Contrasts, P=0.448 and P=0.595 for 1565816_at and 1565818_s_at respectively) or Ph -(P=0.852 and P=0.254 for 1565816_at and 1565818_s_at, respectively, with effect sizes ranging from 0.013 to -0.010 increases in Ph + DQN3 normalized expression values) BPL versus normal bone marrow specimens controlling for repeated measures taken from individual cases, that would have suggested heterozygous intragenic deletions between exons 4-7 or exons 2-7.
These results indicate that in pediatric BPL IKZF1 deletions either occur in a minority of leukemic cells in an oligoclonal heterogeneous population of leukemic B-cell precursors or IKZF1 expression is characterized by "allelic imbalance"
10 or "allelic exclusion" 11 and deletions occur in "inactive" alleles. The reported relationship between IKZF1 deletions detected by SNP arrays and adverse treatment outcome of pediatric BPL is possibly a reflection of underlying genomic instability in aggressive leukemic clones rather than lost or diminished IK function caused by IKZF1 haploinsufficiency, as originally proposed. 3, 4 This would also provide a cogent explanation as to why the prognostic significance of IKZF1 deletions in the Palmi study was markedly enhanced when additional copy number abnormalities involving other genes were present. 
